INTRODUCTION
Suicide is responsible for nearly one million deaths per year worldwide, 1, 2 and suicide attempts often lead to additional morbidity, increased health care costs and increased risk of subsequent death by suicide. 3, 4 Although suicide is more prevalent in those with depression, patients who die by suicide rarely see mental health specialists prior to their death. [5] [6] [7] In contrast, nearly half of the individuals who complete suicide attempts have seen their primary care provider (PCP) in the preceding month. 8, 9 The primary care visit is thus an important target for suicide prevention.
Suicidality refers to a spectrum of thoughts and behaviors ranging from passive thoughts of one's death, to active thoughts of self-harm, to a suicidal plan for self-harm along with the means to carry it out. 10 Prior studies suggest that interventions improving healthcare provider recognition of depression and suicidal risk lead to lower suicide rates. 11 Additionally, national guidelines challenge PCPs to improve detection of suicidality as a means to prevent suicide. 12, 13 Despite this guidance, screening for suicidality and assessing suicidal risk by PCPs remains low.
Patient, clinician and encounter related factors can all act as barriers to clinician suicide discussion. 18, 19 Past studies have focused on addressing clinician barriers by improving recognition of depression and promoting diagnosis and treatment. Treatment algorithms, clinician education programs and nurse care management supporting PCPs have all been described as effective interventions. 11 However, a number of patient-related barriers, such as stigmatizing depression beliefs, or beliefs about the role of the PCP, have been shown to inhibit direct PCP inquiry and patient disclosure of suicidality. [20] [21] [22] An intervention that addresses patient-related barriers to disclosure and clears the way for suicide discussion by PCPs (the discussion of patient suicidality) could have significant public health impact.
In this planned analysis, we compared the effects of two different brief patient-focused depression engagement interventions with an attention control on PCP discussion of suicidal thoughts during visits. Both interventions sought to increase patient recognition and discussion of possible depressive symptoms with providers, and, in turn, prompt appropriate initial diagnosis and treatment of depression by PCPs. The interventions were provided via computer in primary care offices, immediately prior to provider visits. One intervention was a brief, targeted public service announcement (PSA) based on the direct to consumer advertising approach but free of commercial bias. The other was a research-driven and tailored interactive multimedia computer program (IMCP) based on health behavior and patient activation theory. The IMCP was designed primarily to activate patients endorsing current emotional symptoms (including thoughts of self-harm) and/or physical symptoms potentially indicative of depression to discuss the symptoms and the possibility of depression with the study visit doctor. In the current analyses, we examined the effects of these interventions in two subgroups of patients: those with mild or lower depressive symptoms (defined by a Patient Health Questionnaire (PHQ-9) score of ≤ 9) and those with at least moderate depressive symptoms (PHQ-9 score ≥ 10). Those with PHQ-9 scores greater than or equal to 10 are more likely to be diagnosed with major depression, 23, 24 and 30 times more likely to have suicidal thoughts than those with lower scores, making them a better target for screening and interventions. [25] [26] [27] 
METHODS

Study Setting/Participants
This study was a multicenter, stratified, parallel group randomized controlled trial comparing the effects of a targeted patient intervention, a tailored patient intervention and a control on patient and encounter related behaviors and outcomes. The methods are briefly summarized here and detailed elsewhere. 28, 29 Patients and primary care clinicians were recruited from each site, all of which were clinics affiliated with the University of California (UC) Davis and UC San Francisco (UCSF). UCSF clinics were all adult primary care academic clinics with residents, their supervising physicians, and nurse practitioners, while UC Davis affiliated clinics included resident clinics as well as clinics in the primary care network (both urban and suburban settings where care is provided by full-time PCPs). Other performance sites included primary care clinics in Sacramento associated with Kaiser Permanente, the Sutter Medical Group and the United States Department of Veterans Affairs (VA) Northern California Health System. The VA Medical Center in San Francisco was also included. 28 Institutional review boards at each study site provided approval for the study protocol.
The clinicians were recruited through email or in person at informal presentations. Up to 12 patients of the consenting clinicians (120 practicing PCPs, nine residents, and six nurse practitioners) were contacted by research assistants through a telephone interview for recruitment and to screen for eligibility. Clinicians were told that the trial was a randomized trial examining the effects of interventions meant to improve patient-physician communication. Clinicians were not blinded to patient's participation, but were blinded to patients' group assignments and the study hypothesis.
Patients who were scheduled for a routine primary care visit at any site in the subsequent 1-2 weeks were randomly selected from each clinic's schedule and phoned for screening by research staff. Patients with any chief complaint were eligible for inclusion, that is, both depressed and non-depressed patients, and patients without mental health complaints. Patients were eligible if they were aged 25-70 years, spoke and read English, reported ability to use a computer and were not currently on medication for depression by self-report. Patients were screened using the PHQ-8 (used instead of PHQ-9 for telephone screening) and two parallel samples were taken based on score (≥ 5 and < 5). A lower cut point was used (≥ 5) to include patients with milder symptoms, in order not to miss depression in these individuals. To enrich the study sample, all patients with a PHQ-8 score of ten or more were invited to participate. After verbal consent was provided via telephone, the patients were invited to a research appointment for informed consent 1 hour prior to the primary care visit. At the UCSF urgent care clinic only, no telephone screening took place and patients were approached in waiting rooms prior to their clinic visit. A computer program stratified consented patients by race/ethnicity, gender and site, and then randomly assigned them to one of the three study arms shortly before a primary care visit previously scheduled for clinical care (i.e., not study-specific). Clinic site was chosen as a stratification variable to account for provider effects.
We chose individual patients rather than clinicians as the unit of randomization, because the intervention functioned at the patient level.
Patients next completed a pre-visit survey on the tablet computer composed of questions for use in targeting/ tailoring and assessing baseline physical and mental health status (PHQ-9, short form 12-item health survey ). The patients then watched their randomly assigned intervention on the tablet computer and proceeded to the clinic visit. Immediately following the office visit, patients completed a post-visit questionnaire. Patients were compensated for their time with a gift card distributed at the primary care visit.
Interventions
PSA. The PSA was a targeted health message that was designed to encourage patients to seek depression care or request information regarding depression. The PSAs were jointly developed by collaboration between academic researchers and a marketing firm in Rochester, NY. The academic researchers used a combination of clinical experience and data derived from focus groups and a population-based survey, which is described elsewhere. 30 Four different PSAs were produced, each targeting a different group based on gender and household income (< $35,000 or ≥ $35,000): lower income female, lower income male, higher income female and higher income male.
IMCP. The over-arching aim of the IMCP was to activate patients to discuss with the doctor during the study visit their emotional and/or physical symptoms within the past 2 weeks (including thoughts of self-harm), and the possibility that those symptoms reflected clinical depression. 30, 31 Leveraging salient health behavior and patient activation theory and research, 32, 33 various messages were individually tailored in content to each of the following patient variables: specific emotional symptoms (including thoughts of self-harm when endorsed) and/or physical symptoms; depression-related visit agenda (whether or not they intended to discuss depression during the study visit and, if so, whether they specifically planned to discuss depression treatment); views regarding depression causes, societal stigma, and available treatment options; and selfefficacy for communicating with clinicians about mental health issues. The presence of depressive symptoms on PHQ-9, the patient's visit agenda and the patient's view on depression determined the strength and content of messaging.
Attention Control. The control intervention consisted of a brief video regarding sleep hygiene. 34 
Data Collection
Data were collected at all sites from computer-based patient surveys completed prior to engaging in assigned interventions and immediately after the visit. Additionally, providers completed a brief questionnaire after each patient visit, which included whether or not suicide was discussed during the visit (and who initiated the discussion).
Measures
Survey questions answered by patients included a PHQ-9 to assess baseline depressive symptoms, baseline health status using the SF-12, 35 and sociodemographic characteristics including age (in years); gender; race/ethnicity (white nonHispanic, black non-Hispanic, other race non-Hispanic, or Hispanic [any race]); household income (< $35,000 or ≥ $35,000); education level (some high school or less, high school graduate, some college, or college graduate); and practice setting (multispecialty group, health maintenance organization, academic practice, or VA facility). The outcome measure was the clinician's report of whether or not suicide was discussed (yes or no).
To ensure the safety of enrolled patients, procedures were developed to address positive responses to the question regarding thoughts of self-harm in the PHQ-9. If the patient responded positively to the self-harm question on PHQ-9, they were asked a follow-up question to confirm, and the patient's PCP was directly notified of the confirmatory response immediately after the clinic visit. In addition, the research assistant provided to the patient the suicide line telephone numbers in the patient's local calling area.
Statistical Analysis
Descriptive and inferential statistics (mean, median, chi square or one-way analysis of variance) were used to describe the baseline characteristics for the study sample. Suicide discussion was compared in the intervention and control groups using mixed model logistic regression analyses conducted separately by PHQ-9 levels below 10 [no, minimal, or mild depressive symptoms] and greater than or equal to 10 [at least moderate depressive symptoms]. This cut-point was used because those with moderate depressive symptoms are more likely to exhibit suicidal behavior. The key independent variable was the study group assignment (intervention IMCP or PSA vs. control). To facilitate interpretation, results are also reported as marginal effects (adjusted probabilities of suicide inquiry). Analyses adjusted for study strata: gender, race/ethnicity, and site. Mixed effects logistic regression models were used to account for the nesting of patient-level observations within providers. All data were analyzed with Stata 12.1 (Stata Corporation, College Station, TX).
RESULTS
Of the 925 patients randomized, 58 (6.3 %) of these were excluded post-randomization due to withdrawal from the study, being on anti-depressants or missing data resulting from tablet computer failure. A total of 867 patients were included in the final analysis; 286 in the IMCP arm, 287 in the PSA arm and 294 in the control arm (Fig. 1) . Demographic characteristics as well as baseline mental and physical health status of all patients in the different study arms are summarized in Table 1 . There was one statistically significant difference among the three intervention groups: patients assigned to the PSA had better mental health summary scores (MCS-12) than patients in the other groups (see Table 1 ). One hundred patients (11 %) answered positively to the PHQ-9 question about suicidality and 81 (9.3 %) confirmed the presence of suicidal thoughts on a follow-up clarifying question. Of the 81 with confirmed suicidal thoughts, 67 (7.7 % of overall sample) had a PHQ-9 score greater than or equal to 10 and 14 (1.6 % of overall sample) had a PHQ-9 score less than ten (with one patient having a PHQ-9≤5). Clinician reported suicide discussion occurred in 260 of the 867 patient encounters (29 %); 139/570 (24 %) of those with no to minimal depressive symptoms and 122/246 (50 %) of those with at least moderate depressive symptoms. Of those endorsing suicidal thoughts that were confirmed with a follow-up question, 49 (60 %) had a suicide discussion by physician report. Clinicians claimed that they initiated the discussion in 233 (26.8 %) encounters and that the patient Figure 1 . Diagram depicting the flow of patients through eligibility, assessment, randomization, intervention and outcome analysis. Three attempts were made for each unsuccessful event.
initiated the discussion in 27 (3 %) encounters. The clinician report of whether suicide was discussed was missing in 51 (6 % of overall sample) encounters. Suicide discussion was significantly more likely to take place if the chief complaint was an acute mental health complaint or chronic mental health problem rather than a non-mental health complaint, but the effect of the intervention did not significantly differ by chief complaint. There were no statistically significant differences in baseline characteristics (i.e., those shown in Table 1 ) between those whose providers completed and those who did not complete the clinician report. The results of the logistic regression analyses are summarized in Table 2 . Among the group with no or minimal depressive symptoms (PHQ-9≤9), there was no significant effect on suicide discussion among patients assigned to the IMCP or PSA (as compared with control). Among patients with at least moderate depressive symptoms (PHQ-9≥10), the IMCP intervention was associated with significantly more suicide discussion than control (adjusted odds ratio [AOR] 2.3, 95 % confidence interval [CI] 1.1-5.1, p=0.03), (Table 2 ). There were no statistically significant effects of the PSA on suicide discussion at either PHQ-9 level compared with control. Translating the AORs into predictive marginal effects, the adjusted probability of patient-physician suicide discussion among those with a PHQ-9 greater than or equal to 10 was 40 % (95 % CI=27-53 %) in controls, 51 % (95 % CI=37-65 %) in the PSA intervention group and 58 % (95 % CI=46 %-70 %) in the IMCP group (Fig. 2) . AOR adjusted odds ratio, CI confidence intervals, covariates adjusted for include gender, race and performance site Figure 2 . Predicted probability (95 % confidence intervals) of suicide inquiry by intervention group and PHQ-9 level.
DISCUSSION
This randomized control trial examined the effects of two different patient-focused depression engagement interventions-a targeted PSA and a tailored IMCP-on PCP discussion of suicidal thoughts with patients. We found that, compared with patient exposure to control, exposure to the IMCP was associated with an 18 percentage point gain in the likelihood of discussing suicidal thoughts in the stratum of patients with at least moderate depressive symptoms (PHQ-9 ≥ 10). There were no significant effects in those with mild, minimal, or no depressive symptoms (PHQ-9 ≤ 9), an expected finding, given their low suicidality risk. 26 We believe that the intervention operates on the patients' willingness to initiate and participate in depression-related discussion, thereby making the clinician more comfortable about inquiring about suicidal thoughts in their patients. Recalling the barriers to suicide discussion and re-examining the theory-driven structure of the IMCP can help to explain this effect on clinician discussion regarding suicidal thoughts. The IMCP delivered messages tailored to various patient-related variables: 1) pre-visit PHQ-9; 2) visit agenda (whether or not the patient planned on discussing depressive symptoms or treatment during the visit); and 3) patient responses during the interactive computer program. At the first step, a stronger message to discuss depressive symptoms with the clinician was delivered to those with PHQ-9 of five or greater. Next, the patient's visit agenda determined the strength of the message. Lastly, specific patient-triggered responses relating to treatment preferences, perceived causes of depression and personal views of depression (including stigma) affected the delivered message. During this last step, the intervention used the patient's responses (prior knowledge, views/stigma, treatment preferences, and self-efficacy) to validate the patient's views and to increase the patient's receptiveness to discussion about diagnosis, disclosure of symptoms and treatment.
Of note, in this study, patient activation occurred without directly addressing clinician factors. Conversely, prior studies have focused on affecting clinician behavior by increasing clinician awareness, increasing clinician support or providing a treatment algorithm. These interventions had only modest effects. Additionally suicidal thoughts and behaviors lead to suicidal attempts and completed suicides through complex pathways with several influencing factors; patient-physician communication is only one relevant factor. Prior studies have shown that clinician factors such as personal experience of depression and practice setting 20, 21 influence discussion of suicide, and that clinicians may be more likely to discuss suicide in patients who are not endorsing suicide. 36 Notably, PCPs report that they initiated suicide discussion nine times as often as often as they report that the patient initiated the discussion (26.8 % vs. 3 %). This may reflect prompting from the patient in response to the intervention. Given the dearth of interventions that improve communication about suicide between patients and PCPs, the findings may represent an important step towards the goal of suicide prevention. Patients at risk for suicide can be activated to discuss suicidal ideation, to prompt PCPs to inquire about suicide, and to signal their openness to discussion of suicide or treatment. Such an approach could identify those at risk in the primary care setting and direct them to research-proven treatments. Whether combined patient and clinician interventions would have cumulative benefits needs examination.
The study had limitations. Although this was a regional multi-center trial, it involved a selected sample of patients, potentially limiting the generalizability of the findings. The intervention also occurred only once, and its long-term effects are unknown. The analysis also relied on clinician self-report; though this measure was independent of the patient-focused intervention. It should be noted that other clinician factors such as clinician prior experiences, attitudes and personality may have affected this behavior, although this is mitigated by examination of the results by clinicians. Additionally, certain factors such as post-visit questionnaires or observer bias may have increased the baseline rate of suicide inquiry. However, this would have affected all three arms. Finally, it is uncertain how physician discussion translates into suicide prevention. Future studies may examine the actual discussion quality.
In summary, this study examined the effects of targeted and tailored health messaging on patient-physician discussion of suicidal thoughts. Research is needed to confirm these findings, and future studies should be conducted examining the effects of different health care settings on clinician suicide inquiry, as well as combined patient and clinician interventions. More research is also needed to inform the structure and specific targets of health messaging interventions in the treatment of depression and suicide prevention. Overall, our findings suggest that the IMCP may have a role in depression treatment and suicide prevention programs. The relative ease of the IMCP's implementation in the primary care setting makes it a potentially powerful tool with significant dissemination potential. Given the lack of interventions that have produced an actual increase in the rates of PCP suicide inquiry, these finding have potentially far-reaching implications with significant public health impact.
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